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UNIVERSAL DEVICE FOR COUPLING A 
COMPUTER BUS TO A SPECIFIC LINK OF A 
NETWORK AND OPERATING SYSTEM 

THEREFOR 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is related to U.S. Pat. No. 5,367,646, ?led 
Jul. 15, 1992, in the names of Jacky Pardillos and Paul 
Ravaux, assigned to the ‘assignee of the present invention 
and corresponding to French application 91.08908. The 
subject matter of said U.S. patent is hereby incorporated by 
reference. 
The present invention relates to an operating system for a 

universal device for coupling a computer bus to a speci?c 
link of a network. In particular, it is applicable to data 
transmission networks that link together groups of periph 
erals or terminals, in particular networks in the form of an 
FDDI-type ring, whose transmission medium is constituted 
by optical ?bers. It is also applicable to a link of the 
SCSI-type, connecting magnetic disk memories to one 
another. 
FDDI optical ?ber networks are well-known and are 

de?ned in their broad outlines by the standards worked out 
by both ANSI (American National Standards Institute) and 
by ISO (International Standards Organization). The ANSI 
standard for the FDDI network is X3T9-5. 

Similarly, SCSI links are de?ned by the standards of both 
ANSI and ISO. 

In a network, the information messages output by the 
various stations are constituted by a plurality of frames, each 
made up of useful data which are temporally framed by 
control characters located at the beginning or end of the 
frames. 

It is also known that the set of constituent functional 
elements of a computer, whether they are processors: memo 
ries, or input/output controllers or peripherals, are disposed 
on a set of boards of standardized dimensions. These boards 
are generally connected to the same parallel-type bus, assur 
ing communication among the various processors, data 
transport between the boards, and the electrical supply to the 
boards. ' 

One bus currently used is the Multibus II (trademark ?led 
by the Intel Corporation), whose architecture is structured 
around a main bus of the parallel type, commonly known as 
PSB (which stands for parallel system bus). The Multibus II 
is standardized to the IEEE (Institute of Electrical and 
Electronic Engineers) Standard 1296. 

Such a computer bus is connected to the speci?c link of 
the network (FDDI or SCSI, and so forth) by way of a 
gateway connection device, whose function is to adapt the 
information transmission conditions on the Multibus II to 
the transmission conditions on the network. In fact, the data 
transmission modes on the PSB bus on the one hand and on 
the network on the other are completely different, both as to 
the information transmission rate and as to the transmission 
particles used, the writing codes, the information, the for 
mat, the control characters, the information transmission 
(parallel on the Multibus II, serial on the FDDI network), 
and so forth. 

FIG. 1 shows the general structure of such a gateway 
device, regardless of the type of transmission network. 

It shows a computer 0RD, whose various constituent 
elements are disposed on a plurality of boards C commu 
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2 
nicating with one another by way of the parallel bus PSB. 
Each board C is connected to the bus by way of an MPC 
coprocessor, for example an Intel VL 820389, and commu 
nicates by message mode with the other elements of ORD. 
This communications mode is de?ned precisely in afore 
mentioned IEEE Standard 1296. 
The computer 0RD is connected to the network RN, 

which may be either of the FDDI or SCSI type or of some 
other type, by way of the gateway connection device DPC. 
The latter is composed on the one hand of a universal 
coupling device GPU (for general purpose unit), an adaptor 
device DEA, and an interface IHA assuring the transfer of 
information between the device GPU and the adaptor DEA. 
The device GPU is connected to PSB via a coprocessor 

MPC, of the same type as those of the boards C of the 
computer ORD. 
The device DPC is physically connected to the network 

RN by way of a physical network access device, DAP, which 
belongs to the adaptor device DEA. 

It should be noted that one or more other computers such 
as 0RD1 may be connected to this same bus PSB by way of 
a coprocessor MPC. 

The general structure of the device DPC shown in FIG. 1, 
and embodiments and the function of the adaptor device 
DEA, are described in French Patent Application 89 10 156 
?led on Jul. 27, 1989 by the present Applicant, entitled 
”Dispositif passerelle de connexion d’un bus d’ordinateur ‘a 
un réseau ?bre optique en forme d’anneau” corresponding to 
U.S. application Ser. No. 07/557,119, ?led Jul. 4, 1990 now 
U.S. Pat. No. 5,074,427 entitled “Gateway Device for Con 
necting a Computer Bus to a Fiber-optic Token-ring Net 
wor ”. The subject matter of said U.S. application is hereby 
incorporated by reference. 
An embodiment and a preferred mode of operation of the 

universal coupling device GPU is described in the 
aforenoted French patent application 91.08908 and its cor 
responding U.S. Pat. No. 5,367,646 bearing the titles ”Dis 
positif universel de couplage d’un bus d’ordinateur a groupe 
de peripheriques” and (”UNIVERSAL DEVICE FOR COU 
PLING A COMPUTER BUS TO A CONTROLLER OF A 
GROUP OF PERIPHERALS") 

Since the operating system (also known as operating 
software) of the invention is employed by the microproces 
sor CPU for organizing and managing the functioning GPU, 
it will be useful to recall here what the essential constituent 
elements of the latter are, and the broad outlines of its 
function whose details are explained in the patent applica 
tion ?led by the present Applicant on the same date as the 
present application, it being understood that the speci?cation 
thereof is hereby incorporated by reference in the present 
application. 

Turning to FIG. 2, the interface IHA for transfer between 
GPU and DEA is represented by a dashed line. It will be 
recalled that this interface includes a ?rst interface IHAD, 
allowing transfer of the useful data from or to GPU, and a 
second interface IHAC, for control blocks including the 
control characters of the frames received or sent, enabling 
the transfer of these blocks from or to GPU. 

The device GPU includes the following various essential 
constituent elements: 

the coprocessor MPC, which serves as an interface with 
the bus PSB; 

the microprocessor CPU, which in fact is the central 
processing unit of the device GPU, provided with its 
internal bus BI and associated with an erasable pro 
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grarnmable memory EPROM,, a random access 
memory SRAM, and an interruption manager MFP, 
respectively. The elements EPROMI, SRAM and MFP 
are all connected to the internal bus BI, which is also 
connected to the interface IHC; 

the video RAM double-port memory, represented by the 
symbol VRAM; _ 

the direct memory access controller DMAC connected to 
the bus B2 connecting VRAM to the coprocessor MPC; 

the bus B1 connecting the memory VRAM to the interface 
IHAD. 

The device GPU also includes a microcontroller, not 
shown, which has a housekeeping role, for resetting each of 
the constituent elements of the coupling device to zero and 
for assuring the function of interconnection of GPU to 
Multibus H, this function being de?ned by aforementioned 
IEEE Standard 1296. 
The coprocessor MPC, designed especially to meet the 

aforementioned IEEE Standard 1296, is of the same type as 
that described in conjunction with FIG. 1. 

In the exemplary embodiment now being described, the 
microprocessor CPU is of the Motorola 68020 type. This is 
a 32~bit microprocessor with a clock frequency of 25 MHz. 
It manages its internal bus BI, which is a non-multiplexed 
bus with 32 data bits and 32 address bits. 
The erasable read-only memory EPROM,, with a capac 

ity of 128 or 256 kilobytes, contains the GPU self-testing 
and initialization programs. 
The operating system of the invention is contained in the 

static memory SRAM, which has a capacity that equal 512 
kilobytes or one megabyte. A protection system is associated 
with this memory for regulating access to it, and it is 
described in the aforementioned patent application ?led on 
the same date as the present one. 
The operating system, here represented by the symbol 

GPOS, organizes the operation of the entire microprocessor, 
and consequently supervises the transfer of frames from the 
bus PSB to the memory VRAM, and vice versa. In addition, 
the program for adaptation of the protocols used, on the one 
hand between the computer ORD and the coupling device 
via the bus PSB, and on the other in the network RN, is 
contained in the memory SRAM, for example (it could 
equally well be contained in the memory EPROMl). 
Accordingly, the microprocessor CPU is the brain of the 
coupling device GPU: It initializes the transfer of data, 
performs protocol adaptation, implements its operating sys 
tem, and transfers the data between DEA and the computer 
ORD and vice versa, while being in dialog with DEA, with 
which it exchanges commands and states, for example in the 
manner indicated in the aforementioned French Patent 
Application 89 10156, corresponding to US. Ser. No. 
07/557,519. 
The element MFP (for multifunction peripheral) is what is 

known as a “peripheral” of the microprocessor CPU. By way 
of example, it is a Motorola 68901 and is adapted to it by 
construction. It handles a certain number of functions nec 
essary for the operation of the latter, such as part of the 
management of the interruptions necessary for it. It also 
furnishes clock frequencies for the operating system accord 
ing to the invention. By construction, the 68020 micropro 
cessor has seven levels of interruption, which is not enough 
to perform all the operations it is tasked with. The element 
MFP furnishes 16 additional interruption levels in all, eight 
of them for the CPU and the other eight for external devices 
(of which seven are for the adaptor device DEA, in a 
particular embodiment thereof). 
The direct memory access controller DMAC assures the 
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4 
transfer of data between the coprocessor MPC and the 
memory VRAM. (It also assures the transfer of the data 
making up the operating system and of the associated 
applications for the memory SRAM, once the operations of 
initializing of the board carrying GPU are completed. This 
transfer is done from the disk memories belonging to the 
computer 0RD, for example.) 
To perform a data transfer, the controller DMAC receives, 

from CPU, a starting address (in VRAM or in SRAM), and 
a count, in other words the number of bytes to be transferred 
and a starting order for the transfer of data. As soon as it has 
received this information from CPU, DMAC organizes the 
transfer. 
The video RAM VRAM is a dynamic, double-port 

memory whose capacity is on the order of one to two 
megabytes over a width of 32 bits. One of the two ports, that 
is, SAM, is reserved exclusively for the controller DMAC, 
while the second port, DRAM, is shared between the micro 
processor CPU and the adaptor device DEA. This memory 
serves as a buffer for the data that pass between GPU and the 
adaptor device DEA. 
From the adaptor device DEA, access to the bus BI is not 

possible from the bus B1. Any transfer of useful data carried 
on the bus B2 can similarly not travel over BI. These two 
impossibilities are symbolized by the existence of the ele 
ments FLI1 and FLI2, respectively disposed between the bus 
B2 and the bus BI, and between the bus B1 and BI. These 
elements are logical isolation (or inhibition) elements. 
The transfer of useful data between the interface IHA and 

the memory VRAM, on the one hand, and between the latter 
and the computer PSB on the other, is organized by CPU, 
this transfer being effected under the control of the controller 
DMAC, and the conversion of the speci?c control characters 
of the protocols used on the bus PSB into those used on the 
speci?c link of the network RN, and vice versa, being 
performed by the microprocessor CPU, which assures their 
transfer on its internal bus to or from the interface IHA (or 
IHAC). All the work performed by CPU is supervised and 
organized in real time by the operating system of the 
invention, whose object is to make the microprocessor CPU 
work to the maximum of its capabilities, for the sake of high 
performance on the part of the device GPU, particularly as 
to the speed of transfer of the useful data. 

According to the invention, the operating system for a 
universal device for coupling a computer bus to at least one 
speci?c link of a network, the device including: 

a microprocessor connected by way of its internal bus to 
at least one memory containing this operating system 
intended to be nm by the microprocessor, 

means for transferring frames from the computer bus to 
link and vice versa, whose work is organized and 
managed by the microprocessor, 

is characterized in that, being associated with a plurality 
of applications independent of one another, it includes: 
a central core, which in real time manages and orga 

nizes the work of each of the applications, when each 
application is running, 

an applications manager, which supervises and de?nes 
the state each of the applications must be in, 

an intercommunications server for the applications, 
enabling each of them to request the services of 
another when that proves necessary, 

the core, the manager and the intercommunications 
server communicating between one another via sys 
tem calls, the applications communicating with each 
of these services in the same manner. 

Further characteristics and advantages of the present 
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invention will become apparent from the ensuing descrip 
tion, given as a non-limiting example, taken in conjunction 
with the drawings. 

In the drawings: 
FIG. 1 shows how a computer is connected to a network 

of any arbitrary type by way of a gateway connection device; 
FIG. 2 shows the various essential constituent elements of 

the hardware structure supporting the operating system of 
the invention; 

FIG. 3 shows the various essential constituent elements of 
the operating system of the invention and some of its 
associated applications; 

FIG. 4 illustrates the general context, in terms of layers, 
in which the action of the operating system of the invention 
takes place; 

FIG. 5 shows the various states an application may be in, 
and how a change is made from one state to another; 

FIG. 6 shows the various states a process of an application 
can be in, and how a change is made from one state to the 
other; 

FIG. 7 shows the structure of an event semaphore or of a 
message semaphore; 

FIG. 8 is a ?owchart showing the various stages in 
operation of a particular application for transferring the 
frames, under the control of the operating system, from the 
computer bus to the network and vice versa. 

FIG. 3 shows how the operating system GPOS of the 
invention is constituted by a central core NY assuring the 
basic functions of the system, surrounded by a plurality of 
managers each assuring one speci?c function. These man 
agers are the applications manager GA, the intercommuni 
cations server SA, the fault manager G1, the starter ST, the 
control manager GC, the terminal access manager GAT, and 
the interactive debugger IMOX. 

Gravitating around the operating system GPOS are appli 
cations A1, A2, . . . , A,-, . . . , A", which are in fact associated 

with it; each of these applications communicate and are in 
dialog with the central core NY and all or some of the 
managers surrounding it. The applications are‘ autonomous 
and independent of one another. 
The role of each of the constituent elements of the system 

GPOS of the invention is as follows: 
The central core NY performs the basic management of 

the system, by managing and organizing the work of each of 
the applications A1—A,, in real time when the application in 
question is running. It also performs the management of the 
various clocks of the system. 
The core NY responds to the demands of the managers 

when the managers request a service, but it takes no initia 
tive whatever. It also manages the activation of the processes 
making up each of the applications. As a result, the core is 
a furnisher of services, both for the managers and for the 
applications. 
The applications manager GA supervises and de?nes the 

state each of the applications must be in; the de?nition of 
these states is described hereinafter in conjunction with FIG. 
5. 
The intercommunications server SA for applications 

enables each of the applications to communicate with 
another one when that proves necessary. As has been noted 
above, each of the applications is autonomous and indepen 
dent from one another, so they cannot communicate between 
(i.e., interact with) one another except by way of this server. 
The starter ST initializes the board carrying GPU from the 

standpoint of its hardware elements. It initializes each of the 
elements comprising it from the clock standpoint and ini 
tializes the management of each of the memories (SRAM, 
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6 
EPROM1, VRAM). The starter also initializes certain struc 
tures of the operating system, such as the tables, data, and so 
forth. 
The fault manager GI handles all the operating faults in 

the system, and in each of the applications and makes it 
possible either to salvage matters after a fault, or to put a 
limit on the operation of the application or the system 
element that is aware of this fault (in this case, it can be said 
that the fault manager GI aborts the defective system ele 
ment or application). 
The manager for access to a terminal is a manager for 

debugging the operating system GPOS and the associated 
applications. It assures connection to any video terminal on 
which an operator who is debugging the operating system is 
working. It is remotely associated with the manager IMOX, 
which more speci?cally enables communication with the 
human operator himself. 
The operating system GPOS and the set of applications 

associated with it are too voluminous to be implemented in 
a PROM-type memory. This is why it is implemented in the 
random access memory SRAM. When the board carrying 
GPU is started up, a special program called INIT imple 
mented in the memory EPROM1 is employed as soon as 
each of the elements of the board has been reset to zero and 
the function of interconnection with the bus PSB has been 
effected. This program INIT is tasked with the transfer of the 
operating system and the associated applications to random 
access memory SRAM from the disk memories belonging to 
the computer 0RD in which the system GPOS and the 
applications in question are permanently stored. As soon as 
the program INIT has completed its job, GPOS and the 
applications A1—A,l having been loaded into SRAM, the 
program INIT becomes inactive and yields to GPOS, and 
more speci?cally to the manager ST, which now initializes 
all the constituent elements of the operating system. This 
operation of j ob transfer performed by INIT and the manager 
ST, respectively, is transparent to any user external to GPU. 
The various entities constituting GPOS, and the applica 

tions associated with it, can be in dialog with one another by 
way of what are suitably called system calls. These system 
calls are used when any entity of the operating system (any 
application) wishes to call some other structure to accom 
plish a function (a job) that it does not know how to do. A 
certain number of parameters precisely de?ning the function 
that the entity (or application) in question seeks to have 
accomplished by some other entity (or application) must 
always be associated with a system call. 
The set of parameters de?ning the set of functions accom 

plished by the system (or applications) is arrayed in a special 
memory zone of SRAM called a stack. 
An entity or application in question may then communi 

cate with another one by one or more system calls. This set 
of calls enabling two entities to communicate with one 
another is represented by the double-headed arrows in FIG. 
3. Thus the entities A1, A2, A3, . . . , An communicate with 
the applications manager GA by way of the sets of monitor 
‘calls F1, F2, F3, F". 

The set of applications A1—A,, communicates with the 
central core NY by way of the set of calls FA,-. 
The intercommunications server SA communicates with 

the application An by way of the set of calls FSn, while it 
communicates with the application A1 by way of the set of 
calls FSI. 

Similarly, the communications between the central core 
NY and the various respective managers GA, SA, GI, GC, 
IMOX, GAT, ST take place by way of the sets of system 
calls FGI, FG2, FG3, FG4, FGS, FG6, FGO. 
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Thus as been noted above, the applications A1~ASnare 
autonomous and independent of one another. They do not 
require external resources to run. All they need to function 
is input/output data or commands, these input/output data 
being furnished by the computer 0RD, for example, or by 
any other boards external to the board that carried GPU, 
such as another board of the same type, which may be called 
GPU,, connected to the same bus PSB. Similarly, the com 
mands may be furnished either by the computer 0RD or by 
another board GPU,. 

Interference between applications is prohibited, which 
requires that any error that occurs in one of them be of no 
signi?cance to the other, and that the data spaces belonging 
to each of the applications be physically separate in the 
memory SRAM. 

Nevertheless, as has been mentioned above, two applica 
tions can be interactive with one another by way of system 
calls sent to the intercommunications server SA. Thus the 
two applications A1 and An are interactive by way of the two 
sets of system calls PS1 and FSnaddressed to SA. In that 
case, the data and commands of one of the applications, such 
as A1, are sent by the other application, in this case A". The 
interaction between each of these two applications A1 and 
A" may take place, for example, when A1 asks SA to 
intervene with A,I in order to furnish it either a service or a 
particular information, or to participate in the basic service 
o?ered by GPOS in its entirety. It is understood that A1 and 
A" may be either on the same board GPU or on different 
boards, such as GPU and GPU,. 

Within the operating system, an application is identi?ed 
by two means, an application number and an application 
name. It is represented by a special structure called JCB (for 
job control block). This special structure includes static 
information, containing the application number and its 
name, for example, and dynamic information representing 
the real state of the application, that is, the state it is in at any 
moment. It goes without saying that this dynamic informa 
tion varies over the course of time. 

It is understood that the applications A1—A,l obey laws of 
priority that are established and de?ned by the designers of 
the applications in question, these priorities being known to 
the core NY. Certain applications accordingly have higher 
priority than others. 
An arbitrary application may be in one of the states shown 

in FIG. 5. 
The states any arbitrary application may be in are repre 

sented by the symbols E0 through E5. 
State Eo signi?es that the service offered by the applica 

tion is not available. The application is loaded into the 
memory SRAM but cannot be used. 

State E1 is the state from which the application is started. 
To this end, the core NY sends a starting order requesting the 
service of the application, which permits the application to 
change from state E0 to state E. This order is called JR (for 
job request). In state E1, in particular, the operations of 
initialization of all the processes that constitute the applica 
tion (see hereinafter) and all the tables corresponding to it in 
the memory SRAM. In this state, the application does not yet 
run, and is therefore unstable. Once all the initialization 
operations and starting of the application have been com 
pleted, a change is made to state E2. 

State E2 is the most frequent, and this is the one in which 
the application is running. In this state, the application is 
capable of furnishing the services requested of it. 

State E3 is the state in which the application is being 
completed or aborted, which happens when the services 
requested of the application are completed. Once the last 
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operations performed by the last process of the application 
are completed, a change is made to state E4, the state for 
which the application is aborted or in other words stopped. 
A return to state E1 can be made only by a speci?c order of 
the applications manager GA, or by an express order of the 
operator who requests the services of the application (this 
operator is a human operator, acting by means of a board 
external to GPU, for example). 

There is one additional state E5, in which the application 
is interrupted by a fault or error. A change from state E3 to 
E5 can be made when an error or a fault occurs when the 
application is being completed (state E3). A change is made 
from state E1 to E5 when the error happens during the 
operations of startup of the application. A return can then be 
made from state E5 to state E1 by an order of the operator. 

Returning to FIG. 3: 
An arbitrary application A1—A" may be divided into a 

plurality of processes, each accomplishing a predetermined 
function. The functions accomplished by each of the pro 
cesses have no relationship to one another. Inside one 
application, processes are de?ned by priorities. They may 
need to be synchronized (then the processes are said to 
rendezvous with one another) or to exchange information 
they need to perform the functions assigned to them. At a 
predetermined instant, a single process is implemented 
within CPU when the corresponding application is in the 
state E2. This is because of the fact that there is only a single 
CPU in the board GPU. The possible simultaneity of two 
processes can occur only by logical sequence. 

Thus as can be seen from FIG. 3, any arbitrary application 
A,- is built on the following model. It includes a process P0 
for initializing all the elements necessary for the functioning 
of the application, that is, all the di?’erent processes com 
posing it, that is, the processes P1, P2, P3, P4, and so forth, 
which can communicate with one another. 
A process is identi?ed by a process number and an 

identi?er of the application to which it belongs. The process 
2.8 will therefore be the process P8 of the application A2. 
A process may interact with another one of the same 

application. When it refers to the latter, it gives its number 
without the application identi?er. This arrangement rein 
forces the independence and isolation of the applications 
from one another. In fact, a process can never refer to one of 
the processes of some other application. 

For the operating system GPOS, a process is represented 
by a special system structure called PCB (for process control 
block). In the same manner as JCB, PCB includes static 
information, for example containing the process number and 
the application identi?er, the input points of its own data and 
its own code in the memory SRAM, and the degree of 
priority, as well as dynamic information re?ecting the real 
state of the process at the moment when the PCB is read. A 
PCB has a length of 146 bytes, for example. 
The real state of a process is one of the states 81-55 

described in conjunction with FIG. 6. 
State 8,, called the “dormant” state, is the one in which 

the process is either aborted or completed or has never been 
started yet. 

State S2 is the “ready” state: This is the state in which the 
process is ready to become active in the microprocessor 
CPU. A shift from state S1 to state S2 is made by a starting 
order, originating in P0, for example, and from S2 to S3 by 
an abort order originating in the applications manager GA. 

State S3 is the “running” state: This is the state in which 
the process is in the course of running the function it is 
assigned to accomplish. A change is made from state S2 to 
S3, or vice versa, by a call from the core (or from the server 
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SA) when the core decides to call the process in question 
because it has the highest priority, or conversely if the latter 
no longer has the highest priority. It should be noted in this 
connection that the operating system coordinates the running 
of the various processes in an interlaced manner (it also 
coordinates the running of the various applications A1 to A" 
in an interlaced manner) and it uses the level of priority to 
manage the use of the running time of these various pro 
cesses. To do so, the operating system, in fact GA, uses 
special basic mechanisms, called scheduling routines, mak 
ing it possible at predetermined time intervals to call the 
process that has the highest priority. These procedures are 
called by means of either special temrinal calls or interrup 
tion procedures. A change can also be made from state S3 to 
state S1 by an abort order originating in GA. 

State S4 is the one in which the process waits for an event 
or data in order to continue to work. In that case, the process 
does not work, because it is lacking something, such as the 
data for that purpose. Nevertheless, it is ready to continue its 
mission as soon as what it is waiting for becomes available. 
As soon as that happens, the process returns to state S3. 

State S5, “suspended”: This is the case if the higher 
authority, represented by the core NY, decides to suspend the 
jobs of the process, for some reason of its own. A shift can 
then be made from state S5 to state S4 or from S5 to S2, by 
order of the same authority that had‘ suspended the process. 

Turning now to FIG. 7: 
To enable synchronizing the running of two processes or 

more, or to enable communication between the processes of 
the same application, the operating system furnishes special 
tools, of a known type, which are called semaphores. 
Depending on the use that is to be made of them, that is, 
process synchronization or interprocess communication, 
there are two types of semaphores: token semaphores, also 
called event semaphores, and message semaphores. The 
token semaphores are represented by the symbol ES, and the 
message semaphores by MS. 

These semaphores have a similar structure, except that the 
message semaphores are longer. 
As can be seen in FIG. 7, both the ES and MS semaphores 

initially include a heading, which for the semaphore MS in 
particular de?nes the type of message. The semaphore 
includes the code of the action to be accomplished, that is, - 
the type of action to be accomplished with it, hence to 
remove or insert a token for an event semaphore, or to post 
or remove a message for a message semaphore MS. 
The message semaphore MS also includes one portion 

that may contain a text. This text is the product of an 
agreement between the parties who are exchanging the 
message. It may be either data, or data addresses, and so 
forth. 
Any arbitrary semaphore is identi?ed by a semaphore 

number and an application identi?er. These identi?cation 
data are contained in the heading of the semaphore. 
A given semaphore belongs to a well-de?ned application. 

An operation on this semaphore can be accomplished 
uniquely by the process of the application to which the 
semaphore belongs. When a process refers to a semaphore, 
it identi?es it uniquely by its semaphore number, without the 
application identi?er, which this same process does not 
possess. This arrangement reinforces the isolation between 
applications, since a process can never have access to the 
semaphore of some other application. On the contrary, any 
process of a predetermined application can have access to 
any semaphore of this same application at any moment. 
More than one process may be waiting for access to the same 
semaphore at the same moment. 

10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
As for the message semaphores, it is well to recall that the 

processes run practically autonomous functions. However, 
any process may need at any moment to exchange informa 
tion or receive information from the outside world, either 
from another application or from GPOS. The function of the 
message semaphores is precisely to permit the processes of 
the same application to exchange information, or to 
exchange information with the outside world (in the latter 
case, the information proceeds by way of SA, as noted 
above). 
When an application is being run, it may be subject to 

error, or to some arbitrary kind of problem not foreseen in 
the progress of this application. To this end, the operating 
system GPOS includes the fault manager GI, whose purpose 
is troubleshooting this application for error or recognizing a 
problem. Any error or problem is counted as an exception. 
Three categories of them can be distinguished, that is: 
An exception concerning a process: Such an exception 

generally leads to aborting of the process in course. 
An exception for an application: This application, not 

linked to a process, generally leads to aborting of the 
application, This is true, for example, when trouble occurs 
during the execution of a special interruption management 
routine (it will be recalled that CPU manages a certain 
number of interruptions). 
An exception for the system: This involves an extremely 

major error, which is not associated with a particular appli 
cation and which leads to crashing of the system. 
When an exception occurs, a message making a report on 

this exception is constructed and stored, either in PCB for a 
process exception or in J CB for an applications exception, or 
in a special zone of the operating system GPOS, if a system 
exception is involved. 
The general format of an exception message includes ?rst 

a speci?c heading for that message, containing in particular 
the general indication of this message, such as whether it is 
an exception for a process or an exception for an application, 
and so forth. This heading is followed by information 
concerning the type of exception within the exception cat 
egory and identifying the entity that recognizes this excep 
tion. This information is then followed by speci?c informa 
tion as a function of the type of error, and giving the zone 
where the error is located, for example, and so forth. 

Turning now to FIG. 4, a concrete example of context in 
which an application A, works is shown; the application 
organizes the transfer of data from the Multibus II to a 
network RN, or vice versa, and this network RN can be 
de?ned by a link of the FDDI or SCSI or Ethernet type. 

If the functions employed by GPU under the control of its 
operating system GPOS are considered as a form of con 
ventional stacking of layers, then in succession, from the 
highest layer to the lowest, there are the application At, the 
input/output management GES,-, and the physical interface 
Multibus II, the latter being de?ned by the aforementioned 
IEEE Standard 1296. 

For the computer 0RD, working under the control of its 
operating system, such as the GCOS7 made by BULL S.A., 
an operating system used for example in the DPS7000 
computer also made by BULL, the succession from top to 
bottom is the application A], the input/output manager GESj, 
and the physical interface Multibus II, which is analogous to 
that located on the board GPU. The set of the two layers 
constituted by the physical interface Multibus II and the 
input/output manager, whether it is GESJ- or GES,-, is known 
by the protocol named PLANET, developed by the present 
Applicant and described in French Patent No. 2 633 414, 
?led by the present Applicant and entitled “Syst‘eme infor 
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matique ‘a interconnexion centrale” [Information Process 
ing System with Central Interconnection], for which the 
corresponding U.S. patent application is Ser. No. 07/369, 
333, Now U.S. Pat. No. 5,245,703. The subject matter of 
said U.S. application is incorporated herein by reference. 
The application Aj consists in either constituting a plu 

rality of frames, in a special memory zone BFj of the 
computer ORD, that are to be sent to a network RN of the 
FDDI type, for example, or in simply preparing a special 
empty memory zone BFJ- intended to receive frames origi 
nating from RN. These special memory zones BFj, BF’j are 
called buffers. AJ- gives the input/output manager GESj the 
addresses and the lengths of these buffers and at the same 
time constitutes command blocks intended for A,-. These 
command blocks consist in indicating to A,- that it is sup 
posed to perform a transfer of data from BFj to RN, or to ?ll 
BFJ- with the data originating in RN. These command blocks 
are also transmitted to GESj. The input/output manager 
GESJ- accepts these data and command blocks, constitutes 
frames in accordance with the protocol PLANET, and sends 
them over the Multibus II. On arrival at GPU, the frames 
established by this latter protocol are handled by the oper 
ating system, at the level of the server SA which knows the 
PLANET protocol. Once SA has placed the useful data of 
the frames in question into the memory VRAM and has 
placed the command blocks in SRAM (see the aforemen 
tioned French patent application ?led on the same date as the 
present application), it then reactivates the application A,- in 
question. The application then handles the sending of these 
useful data to the network RN or to ORD. 
More precisely, the way in which the useful data are sent 

from the computer ORD to the network RN and vice versa 
is illustrated by the flowchart in FIG. 8. 
The successive operations in the latter are as follows: 

0: The core NY reactivates the application A,- and then 
starts the process P0, also called INIT. As explained 
above, this process initializes the application and con 
sequently a number of tables that belong to it. It then 
initializes the adaptation device DEA. 

One now proceeds to operation 1. 
1: The process INIT then starts the ?rst process P1. In the 

exemplary embodiment described here, the application 
A,- is composed of the processes PO and P1. In the case 
where the application has a higher number of pro 
cesses, in this operation 1, the various processes P1, P2, 
. . . , P,l are started one after another. Once Pl has 

started, the application A,- is in state E2 (running). It 
remains in this state so as to then process all the frame 
transfers, by either transmission or reception. The cor 
responding process P1 is in state S2 (ready). It should 
be noted that in the case where there are n processes in 
A,-, they can be started either by P0 or by one of them; 
the starting of the processes is concatenated in any 
arbitrary, random order. 

One then proceeds to operation 2. 
2: At a predetermined instant, GPOS (SA) receives a 

request for service from the computer ORD. SA then 
looks in the computer ORD for what is requested of it 
and then seeks the resource suitable to it for accom 
plishing this service. This resource is in fact the appli 
cation corresponding to A,-, or in other words A], which 
will look in the buffer BF]- for the frames intended to be 
sent to the network RN. SA then knows that it needs to 
employ the application A,-, and it then posts the message 
in the corresponding semaphore for that application and 
then yields to the application: It reactivates it. 

One then proceeds to operation 3. 
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3: The process P1 then analyzes the semaphore and draws 

conclusions from it, requesting who the initiator of the 
operation it; is it the adaptor device DEA, or the 
computer ORD? If the former, then one proceeds to 
operation 9; if the latter, one proceeds to operation 4. 

4: P1 then demands the order that comes from ORD to SA, 
which is to look into the memory of ORD: Is it a 
reading operation or a writing operation? If it is a 
reading operation, then one proceeds to one of the two 
operations 5 and 8. If it is a writing operation, one 
proceeds to operation 6. 

5: In this operation, the computer ORD indicates to the 
device CPU that it is ready to receive the data origi 
nating in the network RN. If there are no available data 
originating in the network, then one moves from opera 
tion 5 to operation 2. 

8: In this operation, a check is made whether the data 
originating in DEA, or in other words the network RN, 
are available. If no datum is available, then one pro 
ceeds to operation 5. If the data are available one 
proceeds to operation 10. 

10: A dialog then begins between the application, or 
speci?cally between its process P1, and the adaptor 
device DEA to locate these data (DEA knows where 
these data are) in the memory VRAM. As for this 
dialog, reference can be made ?rst to the aforemen 
tioned French Patent Application 89 10156, for which 
the corresponding U.S. patent application is Ser. No. 
07/557,119, U.S. Pat. No. 5,074,427 and to the French 
patent application 91.08908 and its U.S. equivalent 
?led on the same date as the present application. As 
soon as this dialog is completed, one proceeds to 
operation 11. 

11: In this operation, P1 requests the applications server 
SA to write the data that have been stored in VRAM in 
the buffer allocated for that purpose in the computer 
ORD, or in other words BFj. To do this, SA uses the 
protocol PLANET. A return is then made to operation 
2 

6: SA has given P1 the order to write the data (see 4). The 
latter then requests the data from SA that it is supposed 
to write. SA then looks for the data, which are in the 
buffer BFj, by dialog with ORD, using the protocol 
PLANET. These data are then stored in the memory 
VRAM. One can then pass to the following operation, 
7. 

7: Here dialog takes place between P1 and the adaptor 
device DEA, in the manner indicated in the aforemen 
tioned two patent applications, for transmitting the data 
to the network RN by way of the interface IHA and the 
device DEA. Once the data have been retrieved from 
VRAM and are in the network RN, one returns to 
operation 2. 

If the adaptor device DEA, in response to the analysis 
made in operation 3, is designated as the initiator, then one 
proceeds to operation 9: 

9: P1 veri?es whether the computer ORD is ready to 
receive the data. If that is not the case, one proceeds to 
operation 12, where the data are available in the 
memory VRAM (from 12, one returns to 2). 

If the computer ORD is ready to receive the data, then one 
proceeds to operation 10, already described. 
We claim: 
1. A universal device for coupling a computer bus of a 

computer to a controller of a group of peripherals connected 
to one another by a speci?c link to which the controller is 
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physically connected, said universal device comprising: 
a memory; 

a microprocessor connected to the memory, said micro 
processor having an operating system associated there 
with; 

a controller interface for linkage with the controller and 
enabling transfer of data de?ning frames and control 
blocks; 

a double-port random-access buffer memory connected 
by a ?rst bus to said controller interface and by a 
second bus to the computer bus via a speci?c interface 
of the computer; 

means for organizing transfer of data by the micropro 
cessor between said controller interface and the double 
port memory, and between the double-port memory and 
the computer bus; 

a direct memory access controller operatively connected 
between said double-port memory and the computer, 
said transfer of data being effected under control of said 
direct memory access controller, wherein conversion of 
control blocks of protocols used on the computer bus 
into those used on the link and vice versa is performed 
by the microprocessor, which enables a transfer of 
control blocks used on the link over an internal bus of 
the microprocessor to or from said controller interface; 

said operating system being associated with a plurality of 
applications independent of one another, wherein said 
operating system includes: a central core for managing 
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and organizing the work of each of the applications in 
real time, when each application is running; 

an applications manager for supervising and de?ning an 
operational condition for each of the applications; 

an intercommunications server for enabling each of said 
applications to request the services of another of said 
applications when necessary; 

means for establishing intercommunication between the 
central core, the applications manager and the inter 
communications server via system calls; and 

means for enabling said applications to communicate with 
each of the services provided by said central core, said 
applications manager and said intercommunications 
manager via monitor calls. 

2. The universal device of claim 1, wherein every ?rst 
application can interact with a second application by way of 
the intercommunications server, by sending the latter a ?rst 
set of system calls for providing communication between the 
?rst application and the intercommunications server, the 
server then sending a second set of system calls to the 
second application for providing communications between 
the intercommunications server and the second application. 

3. The universal device of claim 1, wherein each appli 
cation is represented by an information structure including 
static information enabling its identi?cation, and dynamic 
information having the real time state of the application at a 
predetermined moment. 

***** 


